The Hadera River is the most polluted among the Mediterranean coastal rivers of Israel due to abundant E. coli, high concentrations of heavy metals and nutrients, and high temperatures. In 2003-2008 we found 191 species of algae and cyanobacteria belonging to seven taxonomic divisions. The upper reaches were dominated by cyanobacteria and exhibited levels of toxic pollution. Downstream, the ecological niches of algal communities dramatically changed: upper stream diversity first increased and then decreased due to the influx of rainwater in the tidal zone during winter. On one hand, seasonal dynamics show that in winter, inorganic contamination was reduced because of dilution by the influx of rainwater, but, on the other hand, organic pollution increased from agriculture. Down the river, diversity increases and the community composition undergoes considerable change. In summer, algal blooms indicate a reduction of stress and aid in the river's self-purification. The WESI indices and RPI show steady year-round stressful conditions for algal photosynthesis with increasing instability in the river. Perpetuation of the current situation would disturb the self-purification capacity of the river ecosystem through destruction of biotic components. Statistical analysis (CCA) reveals the impact of wastewater as the most important stress factor for the Hadera River ecosystem, which is an exceptionally strong example of self-purification.
Introduction
The study of algal biodiversity in Israel gains importance in the face of the rapidly increasing industrial impact on aquatic ecosystems in this eastern Mediterranean region. Whereas monitoring studies of aquatic systems on European coasts [1, 2] and in Southern Europe especially [3] [4] [5] [6] [7] have succeeded rather well, in Israel our knowledge of the regional algal diversity is far from exhaustive. Therefore, we decided to study the reaction of the entire algal community present in the Hadera River to changes in water parameters affected by seasonal climate change. The main characteristic of Israeli climate is a short rainy season, which lasts from December to March. We studied seasonal influences in the Yarqon River, Israel [8] , where the two-season dynamics is well expressed. Under similar climatic conditions and floristic realms, diatom algal communities were studied with respect to the same seasonal environmental factors as in Turkey [9] , Lebanon [10] , and Egypt [11] . All of these studied rivers are exposed to only minor anthropogenic disturbance. However, the Hadera River in Israel can be considered the most polluted river in Israel. Methods such as integral density-diversity indices calculation and statistical ordination can be used to examine algal community response to environmental conditions. The Hadera River is one of the most substantial coastal rivers in Israel (Figure 1 ). Its total length is 50 km, from the Samarian hills in the upper reaches down to the Mediterranean coastal plain. The drainage basin covers an area of approximately 600 km 2 , with an average annual rainfall of about 600 mm. The Hadera River suffers from heavy pollution, mostly from municipal and industrial effluents entering through Nahal 'Iron, which flows into the Hadera River near Talme-El'azar (Ministry of Environment of Israel, 2006, sviva@gov.il) . From 1978 to 1980 the cooling basin of "Orot Rabin" electric power station was built on the northern bank of the Hadera River (about 50 km north of Tel Aviv). Five pipes pour hot water (37ºC) into this basin. The river current is irregular, occasionally slowed in the lower reaches. A dam divides the river canal into a freshwater section and a hot water basin used for recreation. Only the river mouth falls under the influence of marine tides. The upper reaches in the Samarian hills are polluted with wastewaters from municipal effluents. Therefore, the environment of the Hadera River dramatically changes as one moves from the headwaters to the mouth, from the wastewater impact in the upper reaches of the river to changes in temperature and salinity near the mouth.
Algae of the Hadera River were initially studied in 1996 where a small number of species were collected, including four euglenoids and five cyanobacteria. Our investigation during 2004-2005 added 126 species belonging to 7 algal divisions [12] .
The following analysis is based on taxonomical structure data and shows fluctuations of diversity in respect to the seasonal activity of communities during [2003] [2004] [2005] [2006] [2007] [2008] . For the purposes of this study, the taxonomic composition of algal assemblages, species densities, and indicator species were determined for the channel of the Hadera River, as well as for the pond at the mouth, accompanied by measurements for temperature, pH, total dissolved solids (TDS), and electrical conductivity (Ec). Indices of saprobity, which reflect water pollution and self-purification capacities, were calculated for all sampling sites during wet and dry seasons and mapped with the River Pollution Index (RPI) according to the methodology outlined by Sumita [13] . On one hand, the algal assemblages of the Hadera River reflect the ecological status and seasonal dynamics of a typical Mediterranean coastal river in Israel. On the other hand, statistical approaches help us connect species richness with environmental fluctuations in the river. Therefore, our conclusion was based not only on the species autecology, but also on the community response to environment change. Moreover, the species-biosensors of the major environmental variables are identifiable on the basis of Canonical Correspondence Analysis (CCA).
Experimental Procedures
The material for this study included 57 samples of plankton and periphyton that were collected in June, August, and September 2003; August 2004; January and June 2005; February, March, and July 2008; from three stations in the channel of the Hadera River and four stations in the pond of the Hadera River Park at the mouth ( Figure 1 ). The samples for phytoplankton were obtained with Apstein plankton net (gas № 74) and were placed in 25-ml plastic tubes. The periphyton samples were collected by scratching boulders and submersed plants, and were placed in 15-ml plastic tubes and fixed in 3% formaldehyde [14] . Algae were studied with SWIFT and OLYMPUS dissecting microscopes under magnifications of 740x-1850x and were photographed with DC Inspector 1. The diatoms were prepared by the peroxide technique [15] modified for glass slides [16] and fixed in Canadian balsam. The taxonomy used in this study mainly follows the systems adopted in the "Süßwasserflora von Mitteleuropa" guides.
Temperature, conductivity, mineralization, and pH were measured for each station with HANNA HI 9813, and the concentration of N-NO 3 was measured with HANNA HI 93728.
The algal abundances were assessed on the basis of a 6-score scale [17] and then saprobity indices were calculated using the Pantle-Buck's [18] method modified by Sládeček [19, 20] . Saprobity indices were obtained for each algal community as a function of saprobic species diversity and their relative abundances: S = ∑sh / ∑h (Eq. 1) where S -the index of saprobity for algal community (unitless); s -the species-specific saprobity level; and h is the density score of 6-score scale [17] .
Water quality classes and self-purification zone assessments are based on the ecological classification widely used in European and Asian countries [14, 21, 22] . Water quality classes were calculated for the Hadera River on the basis of saprobity indices and measurements of hydrochemical variables classification adopted by Romanenko et al. [23] , which were cited in full in Barinova et al. [22] . Indices of ecosystem status (Water Ecosystem State Index, WESI) were calculated on the basis of water quality classes [22] reflecting self-purification capacities of the river system. In our approach, variables such as nutrients were used instead of multiple hydrochemical variables because they are directly related to the level of photosynthetic activity, especially of Mediterranean freshwater communities [24] . A decrease in photosynthetic activity is an immediate response to a toxic impact before the community structure is affected. Therefore, if structural changes remain undetected by the saprobity indices, but the level of nutrient concentration increases (the photosynthetic activity respectively decreases), then this is considered an early stage of a toxic impact.
To quantify this approach, we introduce the Water Ecosystem State Index, WESI (sensu Barinova et al. [25] , discussed in Tavassi et al. [26] ), calculated as: WESI = Rank S / Rank nutrients (Eq. 2) where WESI -Water Ecosystem State Index; Rank S -a water quality rank based on the 9-score levels of the Sládeček's [19] saprobity index S; Rank nutrientsa water quality rank based on the 9-score evaluation of the nutrients' concentration levels (sensu Sládeček [19] modified by splitting into narrower grades by Romanenko et al. [23] ).
For WESI scores equal or larger than 1, the photosynthetic level is positively correlated with the level of nutrient concentration. For WESI scores less than 1, the photosynthesis is suppressed relative to the nutrient's concentration, presumably by a toxic disturbance (or another potentially limiting factor such as phosphorus concentration, which is typically not restrictive in organic-rich aquatic systems).
The integral River Pollution Index (RPI) is based on pollution estimates from all of the sampling stations, as it was previously proposed for the saprobity indices, DAIpo (Diatom Assemblage Index of organic water pollution [13] ). The integral indices are calculated as: RPIs = Σ (Si + Sj) x l / 2L (Eq. 3) where Si, Sj -saprobity indices for consecutive stations; l -distance between adjacent stations (km); L -total length of the river. The length between stations of the Hadera River is: 8-7 = 7.1 km; 7-5 = 14.2 km; 5-1 = 3.7 km; total length is 25 km.
We quantified the correlation of species composition and environmental variables using Canonical Correspondence Analysis (CCA) with CANOCO for Windows 4.5 package. Statistical significance of each variable was assessed using the Monte Carlo unrestricted permutation test involving 499 permutations [27] . The abbreviated names of species are given in Table 1 . The CCA biplot represents the overlap of species in relation to a given combination of environmental variables. Arrows represent environmental variables, with the maximal value for each variable located at the tip of the arrow [28] .
Results and Discussion
In 57 samples of periphyton and plankton collected from three stations on the Hadera River and four stations on the hot water pool at the mouth during 2003-2008 seasonal summer and winter field trips, we distinguished 191 species of algae and cyanobacteria belonging to seven taxonomic divisions ( Table 1) . The green algae, diatoms, and cyanobacteria prevailed in the same proportions, followed by the euglenoids in nearly equal species numbers. The chrysophytes, cryptophytes, and dinophytes were relatively rare ( Figure 2) . A very similar distribution was found by Ács and Kiss [3] in the Danube River and other Southern European rivers.
As can be seen on Table 2 , the river is divided into two segments: an upper part with stations 5-8 and a lower part with stations 1-4 in the pooled river mouth near the Orot Rabin Power Station (Figure 1 ). High temperature impacts riverine communities in the lower section all year round and the upper section in the summer. The river water is polluted with many organic contaminants. While the Hadera River water is alkaline all year round, it is enriched with heavy metals ( 
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These results confirm the chemical data from 2003, which was mentioned in our preliminary bio-indicational analysis [12] . Figure 3 indicates the dramatic pollution of the Hadera River water by the bacteria E. coli, which comes from the domestic wastewaters in the upper station 8 near the Highway 6. Remarkably, bacteria concentration is similar through both seasons. Nevertheless, in both seasons a decrease in bacteria concentrations can be seen from station 8 to the river mouth as a result of selfpurification processes. In the wet season, when the river water flow is directed from the upper segment to the pooled river mouth across the dam, we find bacteria in the lower section. Therefore, nutrient-polluted waters impacted the lower section of the algal community in winter.
On the basis of the sampled diversity, we tracked algal community composition in both dry and wet seasons during the study years. Figure 4 communities of cyanobacteria and euglenoids were found to be enriched by the green algae and diatoms. The lower-station communities (1-4) dominated by cyanobacteria and diatoms were relatively speciespoor and species richness decreased from 43 to 23 ( Figure 4a ). Algal distribution during the winter was different (Figure 4c,d) . Community structure over all stations was similar with cyanobacteria, diatoms, and green algae in similar proportions. Figure 4c shows how the winter community was enriched in the lower section -from 8 to 33 species. Figure 4e -h presents winter and summer community structures in the stations without data on stations 2-4, which was similar to station 1. As can be seen, the community structures in some seasons were similar and in some seasons were different from the others. The winter community appears healthier because it was enriched by diatoms more than the cyanobacteria and euglenoids, which were abundant in summer, and reflected a high capacity of self-purification in the dry season. We calculated the organic pollution index S [19, 20] for the different seasonal communities. Figure 5 shows negative trends of S in the dry and wet seasons, which reflects activity of the self-purification processes during the winter, with first increasing index values from the upper to middle stations and later decreasing towards the mouth. The summer indices also decreased to the mouth, but it can be concluded that the self-purification processes was most active in the winter. The number of species in winter and summer communities have opposing fluctuation trends ( Figure 5 ). This allows us to conclude that high values of S, which correlate with high pollution, have a definite impact on species richness.
Scenedesmus incrassatulus
We have determined the indication of organic pollution using species in the winter and summer communities of 2008. Indicator species in each community were assigned to a water quality class according to their species-specific saprobity index value [22] (Figure 6 ). The summer communities appear healthier because they include species belonging to the most high-quality classes. The winter community's indicator species reflect high activity of self-purification. Indicator species were more diverse in stations 5 and 7 of the upper section in the summer, but some diversity in the winter was increased in station 5.
We calculated (Eq. 2) new indices (Water Ecosystem State Index, WESI, [22] ) for clarification of the selfpurification capacities over seasons and stations of the Hadera River. Figure 7 presents the WESI scores for the winter and summer seasons of 2008, which were calculated on the basis of the saprobity index S and concentrations of major ecosystem trophic variables -ammonia and phosphates. Phosphates are limiting elements of algal growth, but ammonia reflects unhealthy ecosystem state. As can be seen, WESI scores for both seasons were less than 1, which suggests a normal standard of a healthy community. In both series we can see that the ecosystem was healthier in winter in the upper section and in summer in stations 5 and 7 of the upper section. This information correlates with the water quality class indicators ( Figure 6 ) and community structure (Figure 4b ,h and 4d,f, summer and winter, respectively). WESI is less than 1 (0.6) indicating a toxic effect probably spreading both up and down the river. This toxic impact may be related to the influx of wastewater that we observed in the area of the Samarian hills from station 8 and enriched by heavy metals (Table 3 ). The heavy metals can cause the changes in the structure of periphyton in the rivers of the Mediterranean basin as it was demonstrated by Szabó et al. [6] . However, selfpurification was sufficiently active all along the Hadera River channel.
We calculated the River Pollution Index (RPI) [9] for the assessment of sustainability of biotic communities in the Hadera River (equation 3). Sumita [13] calculated the RPI on the basis of DAIpo (Diatom Assemblages Index of organic water pollution) for the rivers in Japan. We tested his method and extended it [22] to the water ecosystems of Asian and European rivers as a part of the integral indication system, also including the index S. We agree with Sumita's conclusion that these integral indices are remarkably stable in a stable environment.
The results of our calculations of the RPI in the Hadera River were based on the major environmental variables and saprobity indices S (Table 2 ). According to the integral indices, the Hadera River has temperate (RPIt=18.72 in winter) to warm water (RPIt=33.09 in summer), was alkaline with a moderate pH (RPI рН =7.59-8.09) and mineralization levels (RPIε=2.63-3.48), betamesosaprobic (RPIs=2.06-2.34) with periodically inflowing nutrients in rainy winter (RPI N =5.76-11.07; RPI P =4.3-7.3), and toxic wastes, Full names of species are presented in Table 1 . Full names of species are presented in Table 1 .
corresponding to III -IV of water quality classes and beta-to alfamesosaprobic self-purification zone. As can be seen from the RPI fluctuation ( Table 4 ) the instability of the integral RPI index shows an increasing instability in the river ecosystem. Most of the environmental variables increased in the wet season. Indices of saprobity remarkably increased also in winter, which highlight increasing of organic loads influx from the agricultural fields of the Hadera River basin. CCA analysis was performed on the basis of chemical data (Table 2 and 3) and revealed species diversity ( Table 1) . The relationship between the algal community and environmental variables for the rainy season in the Hadera River according to 2008 data is presented in Figure 8 . From this biplot, we can conclude that salinity and metal variables have similarly influenced upon the biotic community and come from one source. In contrast, high NTU correlated with community activity. Algal species, such as Enteromorpha torta, Entomoneis alata, and Nitzschia vermicularis (diatoms) (right circle in Figure 8 ) prefer highly mineralized water and have high tolerance to metals. Indicators of high NTU (marked by the upper circle) were Chlorogloea microcystoides (cyanobacteria), Navicula exigua (diatom), and Phacus sp. (euglenoid).
The biplot for the dry season data of 2008 ( Figure 9 ) shows some sources of salinity and nutrients. Indicators of a high-salinity level and its variables (COD, TSS) are marked by the circle on the right. These species belonged to the dry-season marine community dominated by Johannesbaptistia pellucida, Lyngbya aestuarii, Microcrocis marina, and Chroococcus turgidus (cyanobacteria). Indicators of organic pollution are marked by the lower circle: Oscillatoria guttulata (cyanobacteria) and Chlamydomonas sp. (green), which come from the upper polluted stations of the river. Therefore, CCA analysis enabled us to reveal a few green algae, diatoms, and cyanobacteria species that can be used as indicators for higher salinity and anthropogenic pollution of the Hadera River.
Conclusion
The Hadera River is considered the most polluted river in Israel, which is confirmed by high concentrations of E. coli in dry and wet seasons. In our research of the Hadera River during 2003-2008, we recognized 191 taxa of algae and cyanobacteria belonging to seven taxonomical divisions. During the study years, the community structure in some seasons was similar and yet different in other seasons. The algal taxonomic compositions in rainy and dry seasons were quite different, with the diatom group diversity being much richer in winter, while the green algae, euglenoids, and cyanobacteria are more diverse in summer.
As seen on the Danube River in German-SlovakianHungarian section [4, 7] , the Darmur River in Lebanon [10] , and the Yarqon River in Israel [8] , a diatom community may be most sensitive to environmental change or perturbation, and consequently can be reliable indicators of environmental changes. However, a strong tolerance of many diatoms (from the Damour and Yarqon rivers [8, 10] ) helps resist species extinction under stressful conditions. For these taxa, relative numbers become an important indicator, and they may be more sensitive to environmental change than more abundant species. In contrast, the Hadera River communities in both seasons are mostly enriched by the cyanobacteria, euglenoids, and green algae. We conclude that the Hadera River communities survived under a very stressful environment, at a time when their ecological niche was dramatically changing.
Species richness and organic pollution index S during the winter and summer fluctuated in reverse trends. We conclude that high pollution had a strong impact on species diversity in the Hadera River.
The taxonomical distribution of species in seasonal communities yielded similar reactions. This distribution reflects the taxonomic preferences for self-purification processes in each season. During the rainy season, self-purification processes were more intensive, and photosynthetic activity of the algae was sufficient for the self-purification of the Hadera River, as was revealed for the Yarqon River previously [8] .
Indication of organic pollution on the basis of species' membership to water quality classes in the dry and wet seasons shows high self-purification activity in the middle reaches of the river.
The indices of an ecosystem status (Water Ecosystem State Index, WESI, [13] ) show toxic impacts over all stations all year round. Nevertheless, the ecosystem looks healthier in winter in the middle reaches of the upper freshwater section that correlate with the water quality classes indicators contained. Toxic impact on all river communities may be related to the influx of wastewater that we observed in the area of the Samarian hills from upper station 8. On the other hand, the low level of river water in the dry season stresses the algal community as in similar conditions of rivers in Turkey, Lebanon, and Egypt.
The integral River Pollution Index (RPI) in the Hadera River fluctuated during the wet and dry seasons. Sumita [13] concluded that these integral indices are remarkably stable in the undisturbed rivers. Therefore, we can see that the unstable Hadera River RPI shows an increasing instability in the river. Most of the environmental variables and indices of organic pollution increased in the wet season, which reflect the influx of pollutants carried by rainwater from the agricultural fields of the Hadera River basin.
Using CCA, we revealed algal species that can serve as indicators of higher salinity and organic pollution. There are characteristic indicators of species content for each of the seasons. These species were mostly diatoms, cyanobacteria, and euglenoids and can be used to indicate salinity and anthropogenic pollution in the stations of the Hadera River. The density/diversity indices plus statistical analysis (CCA) show steady year-round stressful conditions for algal photosynthesis. Perpetuation of the current situation in the river would disturb self-purification ability through the destruction of the biotic components.
We can therefore conclude that the combination of bioindicational methods with integral density/diversity indices calculations and statistics is an effective means in the determination of the main factors influencing river diversity. This approach is also helpful in specifying the indicators of the most important environmental parameters.
These results can be used in water-quality assessment and in monitoring systems in Israeli and other Mediterranean coastal rivers. The River Pollution Index (RPI) is thus recommended for monitoring the Hadera River and similar coastal rivers of Israel.
